Abstract
agree that the frequency will increase, the response of the amplitude of ENSO is less clear. asymmetry between the western and eastern equatorial Pacific well (Fig. 1a) . Under 4×CO 2
35
this SST zonal asymmetry is significantly reduced (Fig. 1b) Fig. 1a) , moves towards the 1 equator under 4xCO 2 (red line, Fig. 1b ), but returns to approximately its preindustrial position 2 in G1 (Fig. 1c) . Table S1 ). 
21
We use the zonal wind stress index, Westerly Wind Bursts (WWBs), and Easterly Wind reduction relative to piControl is less in G1 (11 %) than in 4xCO2 (62 %).
10
The reduced zonal SST asymmetry in 4×CO 2 and G1 is consistent with the weakening of the In 4xCO 2 , the tropical Pacific thermocline depth (24 o C isotherm) shoals by 22 % (Fig. 4c) maps of Omega500-100 in Fig. 5a . The region of ascent over the SPCZ and ITCZ moves 9 equatorward in 4×CO 2 (Fig 5b) , consistent with the increase in SST and precipitation over the 10 equatorial region ( Fig. 1d and 2d ). In 4×CO 2 , the convective center also moves towards the
11
Niño3 region centered at ~150 o W. These changes are largely offset in G1, which indicates 12 that decreasing the downward shortwave flux can largely steer these atmospheric changes 13 back to preindustrial state (Fig. 5c ).
14 While spatial patterns in atmospheric divergence and convergence can be corrected in G1
15
( Fig. 5c ), important differences remain. These are mostly associated with the magnitude of Pacific and over South America.
21
These changes are consistent with changes in the spatial extent and strength of the tropical 22 PWC in 4×CO 2 and G1 ( Fig. 6a-c) . In 4×CO 2 , the time-averaged western branch of the PWC 23 extends further eastward and becomes broader, in agreement with the changes in Omega500-24 100 described above, while the eastern branch of the PWC is squeezed. The PWC reverts 25 back to preindustrial spatial patterns in G1 (Fig. 6c ).
26
Significant (90 % cl) changes occur in the strength of the PWC in 4×CO 2 and G1 relative to 27 piControl ( Fig. 6d-e 
18
In general, the El Niño events are stronger than La Niña events, and amplitudes of El Niño We find that, relative to piControl, the Niño3 SST skewness is reduced (at 99 % cl) by 190 28 %, in 4×CO 2 and by 65 % in G1 (Table 4) . This is further illustrated in maps showing 29 differences in skewness between 4×CO 2 and G1 with piControl (Fig. S3) . Over the eastern (Fig. S3) . In G1, the skewness of SSTs is reduced over the entire equatorial Pacific.
32
Thus, due to the concurrent strengthening of the maximum amplitude of cold events and 33 weakening of warm events, and reduction in asymmetry of SST skewness, the intensity of 34 cold events is predicted to increase compared to warm events under solar geoengineering. Specifically, the number of extreme events increase by ~40 % and ~42 % for Niño3 rainfall 5 anomaly thresholds of 3 and 4 mm day -1 respectively, and the frequency of total (extreme 6 plus moderate) events increase by ~12 % in both cases in G1 relative to piControl (Fig. S4a-7 d).
8
No statistically significant changes in the number of extreme El Niño events is detected when 9 using ENSO indices based on SST. However, all SST based ENSO indices (Niño3, Niño4,
10
and Niño3.4) indicate statistically significant increase of ~12 % in frequency of total
11
(extreme plus moderate) number of El Niño events (ENSO index > 0.5 s.d.) (Table S4 ).
12
There is no evidence of changes in the frequency of central Pacific El Niño (El Niño Modoki) 13 comparative to the frequency of eastern Pacific El Niño (canonical El Niño) in G1 relative to 14 piControl (not shown).
15
We note that under solar geoengineered climate, more weak and reversed MSSTG events 
La Niña frequency

27
During La Niña events, the ZSSTG, the PWC and atmospheric convection in the western
28
Pacific are stronger than normal. Here, we present plots of Niño4 vs ZSSTG for piControl 29 and G1 ( Fig. 7e-f ). We observe a statistically significant (95 % cl) increase in extreme La (Table S5 ). The Niño3 (Niño3.4) shows ~400 % (~138 %) increase in extreme La Niña, 
El Niño composites
12
The spatial pattern of composite SST anomalies for extreme and total number of El Niño 13 events in G1 is very similar to that of piControl with stronger warm anomalies in the eastern 14 equatorial Pacific than in the off-equatorial and western Pacific region ( Fig. 8a-d) . However, anomalies over western and, central equatorial Pacific in G1 (Fig. 8f) . Thus, in general, El
19
Niño events tend to be weaker in G1 than in piControl.
20
The spatial pattern of composite rainfall anomalies for extreme and total El Niño events is 21 alike both in G1 and piControl with peak positive rainfall anomalies centering at ~145 o W
22
and ~160 o W, respectively ( Fig. 9a-d Pacific (Fig. 8e) , the positive rainfall anomalies are also weaker (Fig. 9e) . The composite 25 difference for total El Niño events also indicates weaker positive rainfall anomalies over the 26 central Pacific (Fig. 9f) .
27
During El Niño events, the PWC reverses in sign and direction with stronger atmospheric G1 and piControl ( Fig. 10a-d and rainfall anomalies over these regions (see Fig. 8e and 9e ). For total El Niño events, in 35 contrast to extreme El Niño events, the deep convection between 600 and 200 hPa over 36 eastern Pacific is strengthened under G1 relative to piControl whereas the atmospheric 37 downwelling becomes weak over western Pacific (Fig. 10f) number of El Niño events (Fig. S5b) . 
La Niña composites 9
The composite spatial patterns of SST, and the rainfall anomalies, for extreme and total 10 number of La Niña events are similar under G1 and piControl (Fig 11a-d and Fig. 12a-d ).
11
During extreme La Niña events, the negative SST anomalies are stronger and more stretched 12 towards western Pacific than that for the total La Niña events. The peak negative rainfall 13 anomalies occur in the Niño4 region for both for extreme and total La Niña events 14 composites. The composite differences of SSTs (Fig. 11e-f ) and rainfall ( Fig. 12e-f) 
15
anomalies for both extreme and total La Niña events show that negative SST and rainfall
16
anomalies are stronger in G1 than in piControl. Thus, under G1 the extreme and total events 17 are stronger than in piControl. These composite differences also show that during extreme 18 and total La Niña events, the western Pacific and western coast of south America is warmer
19
and wetter under G1 compared to piControl.
20
The PWC is strengthened during La Niña events. The spatial pattern of composite PWC for 21 extreme and total La Niña events is similar both under G1 and piControl ( Fig. 13a-d ).
22
However, the composite differences indicate that PWC is stronger in G1 than in piControl 23 both for extreme and total La Niña events (Fig. 13e-f ) consistent with stronger negative SST 24 and rainfall anomalies in the eastern and central equatorial Pacific.
25
We note that stronger negative SST anomalies occur over the eastern equatorial Pacific under 26 G1 compared to piControl indicating an overall increase in strength of La Niña events in 27 solar geoengineered climate (Fig. 11e-f) . We further confirm this with histograms of small changes between the preindustrial and G1 scenarios within the chosen model system. 4 We find that manipulating the downward shortwave flux through solar geoengineering can Importantly, manipulating the downward shortwave flux cannot correct one of the climate 7 system's most dominant mode of variability, ENSO, back to preindustrial conditions.
8
Specifically, we find that: 7. The PWC becomes weaker both under 4×CO 2 and G1 scenarios. 12. The extreme El Niño events are ~9 % weaker whereas all La Niña events are ~18 % 10 stronger under G1 compared to piControl.
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